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JOINTS ASSExBLED BY AN NACA FLUSH-RIVETI»G PROCEDURE

By Robert Gottliebd
SULMARY

Load-disnlacement curves for use in establishing
allowable-load values for riveted joints assembled by an
NACA flush-riveting »rocedure are preseated. Comparative
data are also given to show the effect of variations in
the procedure on the yield and meximum shear loeds for
the rivets.

Yhen the manufactured round head of the rivet is
driven with a vibrating gzun while thce shank end is bucked
into the countersunk hole with a bar and the sortion of
the formed head that vrotrudes above the skia surface
after the rivet ig driven is removed with a flush-rivet
willing tool, it 1s comcludcd thet:

1. The vari~tioans of rivet-head angle invegtigated
(45° to 829°) have no consistent effect on the yield and
maxinauvm sheryr icads

2. The yield load is almost independent of counter-
sunk depth

Interchanging the vibrating gun 2nd the bucking tbar
in the fore -in. method of driving does not change the
yield and wmawire:m shear loads for the rivets.

Tren 13 hole ‘is countersunk at botlh ends, a headless
rivet iascutod. rnd cruntersunk heads formad at both ends
of tae rivet., there i3 no change in the yi~ld and maxipum
shear loads yrom the valuesg obtained ty the preceding
methods of driving. ' :

INTRODUCTION

‘ The structurasl cuality of a riveted joint must involve
a consideration of both the tightness and the strength of



the joint. A joint ig tight when the parts joined by the
rivets are not permenently digplaced with restect to each
other until loads approachiag the maximum strength of the
jJoint are avplied. A suitadly defined yield strength,
taged upor tune load-displiacement curve, therefore affords
a gcod basis for numerical comparison of the structural
guality of riveted joints.

In the previous exverimentsl studicg of flush-riveting
metheods, revorted in references 1 to 4, the emphasis was
olaced on the develovment of methods for increasing the
tightness and flushness of wachine-countersuak rivets.
This report presents load-displacement curves suitsble for
use in establishing allowavle~load values for riveted
joints assembied Doy one of the fiungh~-riveting procedures
described in refereuces 1 and 2. In addition, comparative
data are given to show tlie effect of two variations in
this procedure on the yield and maximum shear lcads for
the rivets.

SPECIMENS, RIVETING METHODS, AND TEST PROCEDURE

Tize svecimens for this study consisted of two sheets
0f 245-7 aluminum alloy assembled into 2 lan joint by two
Al78-T aluminum-alioy rivets &s shown in figure 1.

The metiod of riveting used for wost of the tests and
the two veariations of thig method are as follows:

Viorating gun on manufactured head of rivet.- This
method, which vas designated method £ in references 1 and
2, is illustrated in figure 2. The manufactured round
head of the rivet is driven with a vibrating gun while the
shark ead is bucked ianto the couantersunk hole with a bar.
After the rivet is driven, the portion of the formed head
that vrotrudes above the skin surface is removed with a
flush-rivet milling tool similar to thst described in
reference 3.

Vibrating gun on shank end of rivet.- This method,
illustrated in figure 8, differs frow tne foregoing method
in that the gun and the bar are iaterchenged in the driv-
ing of the rivet.

RBivet countersunk on both ends.- This method is illus-
trated in figure 4. Tne hole ig couwuntersunk 2t both ends
and a headless rivet is ingerted. Couantersunk heads are
then formed in driving at both ends of the rivet.
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Loads were avviied to the specimens through Templin
gripe with a nydraulic testiug machine accurate within
one-half of 1 percent. Disnlncements of one sheet with

esnect to the other were measured on the edges of the

eets opposite the ceater of the riveted joint by means
of two l€-power microscopes with filsr micrometers. Both
tne disnlacement under loed and the permaneat disnlace-
ment arter removal of the load were measured for succes-
sively increasing loads until failure occurred.

RESULTS

Viorating gun cn manufactured head of rivet.~ Load-
displacenent curves for cdifferent combinations of rives
diameter, sheet thickness, countersunk devth, snd rivet-
head angle are preserted in figures b to 16. The yvield
load saad the maximum losd are plotted in figures 17, 18,
and 19 ageinst the rivet-head angle, and in figures 20,

2l, and 22 ageinst the countersunk denth, for varying val-
ues of the other dimensions. For ourvoses of plotting,

the yield load is here arbitrarily defined as the ghear
load oer rivet at which the siheets are permauncatly dis-
vlaced with respect to cach other 2 distance egual to 4
percent of the rivet diameter. Figures 17, 18, and 19
g.i0w, as in fifgure lo of reference i, that within the nor-
mal scatter of test dats the veriations of rivet-head angle
investigated Lad no conasistent effect on the yield and the
maxiwum loads. Pi,ures 20, 21, and 22 bear out the conclu-
sion drawn from filgure 4 of refercnce 2 that, for rivets

of the type uged iu this investigation, the yield load is
almost indeneuceat of countersunk depth.

Vibrating :.un _on_ghank eund of rivet.- Results of the

tests of rivets driven with the vivrating gun on the siank
end of the rivet are coupered with results of similar toasts
of rivets driven by the first nethod in figire 23. TFronm
this figure, allowing for normal scatter, it is concluded
thnt interchanging the vibrating gun and the bucking bar

in driving the rivets does not cnange tne yield aud the
maximum loads. .

Rivet countersunk on both rcads.- Results of tests of
rivets countersunk on both eunds are comdared with results
of similar tests of rivets driven by the first method in
figure 24. PFrom this figure, allowing for normal scatter,
it is concluded tihat couuatersinling the rivets on btoth ends

also does not ckange the vield and the maximam ioads.
b &




CONCLUSIONS

Wien the manufactured round head of the rivet 1is
driven with & vitrati.g guan while the shank end 1s Ducked
into the countersunik hole with a btar end the portion of
the formed head that protrudes atove the skin surface
after the rivet is driven is removed with a flush-rivet
1211110y tool, it is concluded that:

1., The variations of rivet-head angle investigated
(45° to 82Y) had no consistent effect on the yield and
maximum shear loads

2. The yield load is almost independent of counter-
sunk depth

Intercuenging the viodreting gun eand the btucking Dar
in tne foregoing method of driving does not change the
yield and maximum shear loads for the rivets.

Tren the hole is countersunk at bvoth ends, a2 headless
rivet ingerted, and countersunk heads formed 2t Toth ends
of the rivet, there is no change in the yield 2nd maximum
shear toads from the values ottained ©y toe nreceding
retiznods of driving.

Leng ey kemorial Aeronaviical Labvoratory,
Jational Advicory Ccnaittee for Aeronautics,
Langley Field, Va.
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